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Domestic Preparedness Program: Phase 2 Sarin (GB) and Distilled Sulfur Mustard (HD)
Vapor Challenge Testing of Commercial Self-Contained Breathing Apparatus Facepieces
EXECUTIVE SUMMARY
This report presents the results of testing three different self-contained breathing apparatus (SCBA) against vapors of GB (Sarin), a nerve agent, and HD (distilled sulfur mustard), a vesicant agent. The challenge concentration of both agents was 200 mg/m 3 which is a higher concentration than these respirators would be used in, but which, in the laboratory, gives a rigorous evaluation of the item.
The air cylinders that are supplied with the respirators were not used during the agent tests; instead, high pressure air from the laboratory was used to supply breathing air to the facepieces. This allowed the tests to be run for 60 minutes for each item, even though the nominal times of use for the three SCBAs were 15 and 30 minutes (one SCBA has an optional 60-minute cylinder).
The 3M SCBAG resisted both HD and GB for 60 minutes (average of three tests).
Two of the Interspiro Spiroscape facepieces resisted HD for 60 minutes (average of three tests).
One facepiece was later found to be defective, and it broke through in 12 minutes. One of the Interspiro Spiroscape facepieces resisted GB for 30 minutes, but the other two had agent inside within 4 minutes. The North Model 821 resisted HD for 60 minutes (average of three tests) and GB for 25, 28, and 32 minutes.
A glossary of terms used in this report is included as Appendix A.
INTRODUCTION
In 1996 personnel who are responding to an incident will use personal protective equipment (PPE) to protect themselves from exposure to chemical or biological agents. The specific PPE that will be used by these personnel would depend on the situation encountered and what PPE is held in inventory. In some cases, commercial self-contained breathing apparatus may be used to enter a contaminated or potentially contaminated area. This program tasked the Edgewood Chemical Biological Center (ECBC) of Research, Development and Engineering Command (RDECOM) to perform chemical agent vapor testing of some commercial SCBA. A SCBA is an atmospheresupplying respirator for which breathing air is designed to be carried by the user, that is, the breathing air is contained in a compressed gas cylinder that the user carries with him.
OBJECTIVES AND SCBA DESCRIPTIONS
The objective of this project was to determine whether there was any inward leakage or permeation of agent through the facepieces of three commercial SCBAs under a very high challenge concentration of GB and HD vapor, while the facepieces were mounted on a manikin in a closed exposure chamber and operated by a breather pump. The reason for using the high challenge concentration (200 mg/m 3 ) is that leaks or permeation are more readily detected under these conditions, and the integrity of the respirator more easily evaluated. These SCBAs were operated in the pressure demand mode. Air cylinders, valves, harnesses, and other parts of the SCBAs were not tested. High pressure air from a laboratory source was supplied to the facepieces. Samples of air from inside the facepieces were taken from both the eye and nose areas and analyzed by MINICAMS. None of the three SCBAs was intended for use in an IDLH (immediately dangerous to life or health) agent environment.
CHEMICAL AGENT TESTING
A. Chemical Agent Testing Equipment
(1) Vapor Generator GB and HD vapors were generated by using a syringe pump that injected liquid agent into a heated tee in the air dilution line. The rate of injection was such that the concentration of agent was controlled to that specified in the test plan. The agent was vaporized in the heated tee and carried by the dilution air into the mixing chamber. The mixture was then injected into the exposure chamber. An infrared Ambient Air Analyzer (MIRAN), Model 1A, was used to monitor the agent concentration in the exposure chamber during the test. The filters to scrub agent from the passing air. Other ports in the chamber walls are used for introducing the agent challenge into the chamber, to attach pressure gauges, to introduce liquid aerosol for preliminary leak testing, or to monitor the agent concentration inside the chamber.
The challenge airflow rate is double that of the minute flow of the breather pump to assure that challenge concentration is not diluted by clean air.
(3) Breather Pump
The military Breather Pump E1R1 (Jaeco Fluid Systems, Inc., Exton, PA) was used to simulate breathing through the SCBA facepieces. This is a reciprocating pump that produces a harmonic (sinusoidal) breathing pattern by means of a reduction planetary gear system that incorporates a Scotch Yoke. The peak flow produced by this pump is approximately π times the minute volume; in the tests performed, the peak flow was approximately 78 liters per minute. The minute volume (liters pumped in one minute) and the number of strokes per minute (breaths) can be adjusted on this pump.
(4) MINICAMS
The MINICAMS (Miniature Continuous Air Monitoring System) is a gas chromatograph equipped with a flame photometric detector and a preconcentrator tube. The preconcentrator tube is a small diameter tube containing an adsorbent material to collect agent vapor contained in a sample of air drawn through it for a set period of time. The tube is then heated to desorb the agent and introduce it into the column and subsequently the detector. By preconcentrating the agent, the detection limit is lowered. The MINICAMS software calculates the amount of agent detected over the sampling period. The MINICAMS is standardized by injecting known amounts of agent onto the column.
B. Chemical Agent Testing
The SCBA facepiece was mounted on the SMARTMAN by tightening the straps of the harness. The peripheral seal was inflated (3-5 psi) to form a tight seal against the inside of the facepiece. This seal is artificially good and may not be representative of the seal obtained by a user of the facepiece. It is therefore important that users follow manufacturers' instructions for developing a good seal of the facepiece against the face. Before an agent test was started, a liquid aerosol leak test was performed, using the TDA-99M Aerosol Leak Detector (See glossary). The detector section of the tester was connected to one of the SMARTMAN sampling ports inside the respirator, and the aerosol was directed through a hollow wand against the facepiece and the seal. This is a preliminary check that can isolate leaks. The breather pump was turned on during this test. If no leak was detected, then the chamber was closed and the aerosol was injected into the exposure chamber to challenge the entire system. If a leak was detected, the leak path was found and corrected. If no leak was detected, then the agent test was performed.
For the agent test, the MINICAMS detector was connected to two ports (the eye and nose areas) to monitor for presence of agent inside the facepiece. The agent challenge, generated as described above, was passed from the mixing chamber into the SCBA exposure chamber. Each type of facepiece was tested three times with HD and three times with GB. Table 1 lists the conditions used for testing. 
C. Chemical Agent Test Results and Discussion
The test results on the three types of SCBA are presented in Table 2 . If no agent was detected inside the facepiece, the result is noted as "BDL" (below detection limit). If agent was detected inside the facepiece, the time from the beginning of the test to a concentration of 0.007 mg/m 3 for GB and 0.003 mg/m 3 for HD, is given in minutes. The 3M SCBAG resisted permeation/penetration of both GB and HD for the 60minute test time. Two of the Interspiro Spiroscape respirators tested with HD showed no agent inside the facepiece after 60 minutes. The third SCBA had a small hole in the facepiece found with the TDA-99M Leak Tester. Since a replacement was not available, the hole was covered with a piece of tape before the HD test. However, agent was detected inside after 12 minutes.
This cannot be regarded as a valid test. The Spiroscape tested against GB had agent inside the facepiece after 30 minutes in one case; the other two had agent inside in less than 4 minutes.
North Model 821 SCBA resisted HD for 60 minutes in all three tests; however, GB was detected inside the other three facepieces after 25, 28, and 32 minutes.
The aerosol leak test is performed to assure a tight seal between the facepiece and the test fixture, and that there are no leak paths, such as pinholes. The fact that there is no aerosol detected inside the facepiece does not indicate that there will not be vapor detected inside, since aerosol size is rather gross compared with molecular vapor, and vapor can possibly penetrate seals, exhalation valves, or holes much too small to permit aerosols to penetrate. It is also possible for vapor to permeate susceptible areas of the polymer of the facepiece.
CONCLUSIONS
One SCBA, the 3M SCBAG (BA-4430M) resisted both HD and GB vapor for one hour, and might be considered useful in agent vapor environments. The other two, Interspiro
Spiroscape and North Model 821, gave inconsistent results, resisting HD for one hour but not GB. Without further testing, it is unknown whether these two should be considered for use in agent vapor environments.
APPENDIX A
GLOSSARY
Ambient Air Analyzer (MIRAN) Model 1A
Manufactured by Thermo Environmental Instruments Inc. It is an infrared absorption based detector that uses a long path length cell up to 20 meters, into which the air sample is introduced. This analyzer is used to monitor the challenge concentration of vapor in the test chamber.
Facepiece
The portion of a respirator that covers the wearer's nose and mouth (a full facepiece also covers the eyes). The facepiece should make a gas-tight or dust-tight seal with the face. The facepiece is supported by headbands, and contains exhalation valves and connectors for breathing air.
Leak Detector TDA-99M
The TDA-99M is manufactured by Air Techniques, Inc, Baltimore, MD, and is one of the primary tools for assessing aerosol leaks in the mechanical seals of the respirator and the correct fitting of a respirator facepiece to the SMARTMAN test fixture. The device generates a liquid oil aerosol (Emory 3004) that is used to detect leakage into the interior of the respirator.
MINICAMS®
Trade name for a chemical agent detector in which the agent is adsorbed from a specified volume of air onto an adsorbent tube which is then desorbed into the injection port of a gas chromatograph for analysis (quantitation). The acronym stands for "Miniature Continuous Air Monitoring System."
Sarin
An organophosphorus nerve agent, known by the military symbol GB. The chemical name is isopropyl methylphosphonofluoridate. GB reacts with the enzyme cholinesterase, thus interfering with the transmission of nerve impulses.
Self-Contained Breathing Apparatus
An Open-Circuit Self-Contained Breathing Apparatus is designed to provide the wearer with an atmosphere independent of the ambient air. The air is supplied by a cylinder that is carried on the back of the wearer or by a hose from a compressor.
